INTRODUCTION
Restoration of the connection between the pancreatic remnant and the digestive tract during whipple procedure (pancreatico-duodenectomy (PD)) remains as source of concern.
1 Anastomotic failure is associated with increased risk of postoperative complications, among which POPF is particularly troublesome. 2 Traditionally, pancreatico-enteric anastomosis was carried out by pancreatico-jejunsotomy (PJ). However, PG is theoritically less demanding and has lesser liability to ischemia and more protection to the anastomosis due to the acidic nature of the gastric secretion which prevents activation of the pancreatic enzymes. 3 The anatomical location of the stomach nearby the pancreatic remnant enables tension-free anastomosis. 4 Tailoring the extent of posterior gastrostomy incision according to that of the pancreatic stump facilitates sufficient invagination of the pancreatic remnant inside the stomach and eliminates the problem of discrepancy between the size of the pancreatic remnant and the jejunal circumference that PG was introduced clinically by Waugh and Clagett in and evolved through several modifications. [6] [7] [8] [9] [10] [11] [12] Clinical studies during the ninties and almost the first decade of the current century showed that the incidence of postoperative complications, including POPF, after application of PJ versus PG were not significantly different. [13] [14] [15] However, more recent data provide clear evidence that PG is superior to PJ in terms of reduction of postoperative complication rates, principally the incidence of POPF. [16] [17] [18] [19] [20] [21] [22] [23] In this study, we describe new EDPS technique for PG during Whipple procedure. Our approach entails insertion of the pancreatic remnant into the interior of the stomach via posterior gastrostomy. The telescoped pancreatic stump is encircled by two purse-string sutures which are tied in opposite directions at 180 degrees angle. The purse-string sutures are enveloped inside two layers of transfixing sutures.
Furthermore, we evaluated the influence of EDPS-PG on the postoperative clinical outcome regarding postoperative morbidity, including POPF, and mortality compared with conventional PG.
METHODS
Medical records of patients who underwent PG at Sohag University Hospital (November 2012-December 2015) were retrospectively reviewed. Patients who underwent EDPS-PG were compared with conventional PG control group. PG was carried out electively during PD for adenocarcinoma of the pancreatic head, ampulla of Vater and the distal common bile duct. All operative interventions were performed in adult patients by the same surgical team. The technique of EDPS-PG was developed by Dr. Ashraf M. El-Badry (the first author).
Exclusion criteria comprised liver metastasis, borderline resect able pancreas cancer defined according to Katz et al as abutment of visceral arteries by the pancreatic neoplasm or occlusion of a short segment of the superior mesenteric vein were excluded vascular resections and preoperative chemotherapy. 24 Preoperative imaging entailed abdominal ultrasonography; contrast enhanced computed tomography (CT) of the abdomen and chest. The CT protocol comprised thin section CT scan during precontrast, arterial and portal phases for precise assessment of the extensions of the tumor, vascular encasement, and biliary obstruction and to exclude metastasis particularly to the liver or regional lymph nodes. Preoperative endoscopic retrograde cholangio-pancreatography was carried out in selected patients who were referred from gastrointestinal endoscopy units after stenting of the common bile duct for relief of obstructive jaundice. Tumor marker studies entailed assessment of blood levels of carbohydrate antigen 19:9 and carcinoembryonic antigen. Classic Whipple procedure was performed in 24 patients and pylorus preserveing PD in 2 patients as previously described. 25, 26 PG was the method of restitution of the connection between the pancreatic remnant and the gastro-intestinal tract in all patients. In the control group, the pancreatic stump was fixed to the edges of posterior gastrostomy by 3/0 interrupted silk sutures. Telescoping the pancreatic stump was aided by traction via another anterior gastrostomy.
In the EDPS-PG group, an outer seromuscular pursestring 3/0 PDS suture opposite to and one cm larger than the pancreatic stump diameter is initiated at 3 o'clock position in the posterior gastric wall. The outer seromuscular purse-string suture is placed one cm cranial to posterior transfixing 3/0 suture which is applied to sew up the posterior gastric wall and the capsule of the posterior surface of the pancreas 2 cm distal to the pancreatic stump. Inner seromuscular purse-string 3/0 suture commenced at 9 o'clock position is set one cm inside the outer suture (Figure1A).
Posterior gastrostomy is made along the entire diameter of the inner purse-string ring by full-thickness incision of the posterior gastric wall. Plastic stent is inserted inside the pancreatic duct to avoid pancreatic duct obstruction ( Figure 1B ).
The width of posterior gastrostomy should eventually be slightly smaller than the diameter of the opposite segment of the pancreatic remnant. The distal 2 cm segment of the pancreatic remnant is held by single 2/0 silk suture with straight needle. The needle is passed via the posterior gastrostomy into the anterior gastric wall, held outside the stomach and gently pulled to aid elescoping of the pancreatic remnant into the interior of the stomach.
The inner and outer purse-string sutures are respectively tied followed by withdrawal of the 2/0 silk suture. Anterior seromuscular transfixing 3/0 silk suture is run between the posterior gastric wall and the capsule of the anterior surface of the pancreas.
Two drains are positioned nearby the PG and the hepaticojejunostomy. The effluent is daily checked for the amount and color. Based on the definition of International study group for pancreatic fistula, the amylase levels in the effluent fluid and serum are measured on postoperative days three, five and seven. 27 Drains are removed if no fistula is confirmed. Delayed gastric emptying (DGE) was defined according the International study group of pancreatic surgery. The severity of postoperative complications was ranked according to Clavien-Dindo classification. 29 For each patient, an overall score of postoperative complications (ranging from one to seven) was concluded via assigning one point to each of grades I, II, IIIa, IIIb, IVa, IVb and V in a scending order. Statistical analysis was carried out by GraphPad Prism 6.0 software.
RESULTS
Twenty seven patients were enrolled, 18 in the control group of conventional PG and 9 in the EDPS-PG. The median age was 61 (range: 42-68) years in the control group and 65 (range: 34-71) years in the EDPS-PG group. There were eleven males in the control group (61%) and 6 (67%) in the EDPS-PG group.
The relevant clinical, laboratory and imaging data as well as the indications for surgery were not significantly different between both groups (Table 1) .
Likewise, the operative time, texture of the pancreatic remnant, pancreatic duct size, blood loss, blood transfusion and types of pancreatic resection did not differ significantly in both groups. A summary of operative data is shown in (Table 2) .
Grade A POPF developed in one patient in each group and required no intervention. Grade C fistula occured only in the control group in two patients with soft pancreatic parenchyma. The first patient underwent two re-laparotomies to revise leaking pancreatico-gastric anastomosis. In the other patient, POPF was further complicated by sepsis, multiorgan failure, pulmonary embolism and death. The median duration of insertion of abdominal drains in the EDPS-PG group was 6 (range: 5-11) days which was significantly shorter in comparison with 10 (range: 7-28) days in the control group, p = 0.04 ( Figure 2 ). EDPS-PG was associated with significant reduction of the length hospital stay (median: 8; range: 6-14 days) compared with (median: 11.5; range: 9-28 days) in the conventional PG group, p = 0.03 (Figure 3 ). In the same line, the median score of postoperative complications was 1 (range: 0-3) in the EDPS-PG which was significantly lower compared with the control group 3 (1-7), p = 0.02 ( Figure 4 ).
Only one patient died in the control group on POD 28 following the development of grade C POPF, sepsis, multiorgan failure and pulmonar embolism. There was no mortality in the EDPS-PG group.
DISCUSSION
This study "introduces our new EDPS-PG technique during PD. We showed that this new technique results in significant reduction in POPF and amelioration of postoperative complications compared with conventional PG.
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Delcore and his co-workers described telescoping the pancreatic remnant into the interior of the stomach through posterior gastrostomy. Insertion of the remnant pancreas was assisted by pulling the pancreatic stump via a second gastrostomy in the anterior wall of the stomach. The pancreatic stump was then fixed to the stomach by two layers of sutures transfixing the pancreatic remnant to the exterior and interior of the posterior gastric wall.
30
A binding PG can be carried out by tying two already placed purse-string sutures internally in the gastric mucosa and externally in the seromuscular layer around the posterior gastrostomy and the telescoped pancreas. 8 Alternatively, Narita et al strapped the telescoped pancreatic remnant by two external purse-string sutures around the posterior gastrostomy. 11 These technique may be limited by the addition of another anterior gastrostomy and possibly prolongation of the operative time. 8, 11, 30 Another group described pulling the pancreatic stump via the open gastric stump to avoid the addition of anterior gastrostomy. The telescoped pancreatic remnant is fixed by tying two external seromuscular purse-string sutures in the 9 o'clock position around the posterior gastrostomy. 10 Despite the wide range of PG techniques, none has combined the use of purse-string and transfixing sutures to ensure better fixation of the telescoped pancreas. Moreover, the current literature contains no comparative studies on the outcome of various PG procedures.
In this study, both conventional and EDPS PG groups were comparable regarding the presenting symptoms such as anorexia, pruritis and abdominal pain, pertinent laboratory parameters such as preoperative levels of bilirubin, albumin, creatinine and hemoglobin. Preoperative coagulation profile was normal in both groups. Indications for PD were almost similar in both groups. The diameter of the tumor and the consequent dilataion of the common bile duct did not differ significantly between boh groups. Intra-operatively, the number of patients with soft pancreatic parenchyma was not significantly different between both groups. Standard PD was performed in the vast majority of patients in both groups. Application of EDPS-PG was not associated with prolongation of the operative time. Similarly, the amount of blood loss and number of units which were used for replacement were not significantly different.
Grade C POPF was not encountered in EDPS-PD patients. However, two patients who underwent conventional PD developed grade C POPF with subsequent death in one patient.
Application of our technique ensures adequate inclusion of the pancreatic stump in a sleeve of posterior gastric wall comprising two PS sutures which are further sandwiched inside double layer of transfixing sutures. This was accomplished without the need for a second gastrostomy in the anterior gastric wall as previously described. 8, 11, 30 We could not document that avoidance of anterior gastrostomy has significantly reduced the operative time, however elimination of unnecessary gastrostomy is indeed more phyasiologic. In comparison with Addeo a et al who placed the ties of double external PS sutures only in the 9 o'clock position, our strategy of tying the PS sutures in opposite direction of 180 degrees angle (3 and 9 o'clock positions) provides further support of the pancreatic stump inside the gastric sleeve. 10 This is particularly substantial for securing the PG in case of soft pancreatic parenchyma. Furthermore, the addition of anterior and posterior rows of transfixing sutures provides strong envelop around the PS sutures to further stabilize the pancreatico-gastric anastomosis.
The study is limited by the inherent defects of the retrospective methodology and the relatively small number of patients in the EDPS-PG group. However, the obvious similarity between both groups regarding the preoperative demographic, clinical; laboratory and imaging data, the operative findings, and the clear difference in the postoperative complications would strongly support our conclusions.
CONCLUSION
We propose that our new EDPS-PG technique provides remarkable strength to the PG secures better opportunity for healing and substantially reduces the chance for anastomotic leak and postoperative complications compared with the conventional procedure of PG.
